OBJECTIVE -To evaluate the cumulative incidence of nephrotic-range albuminuria (NRA), the frequency of remission, and the impact on progression, we analyzed data from a prospective cohort study of type 1 diabetic patients with diabetic nephropathy.
D
iabetic nephropathy is a chronic progressive kidney disease with high morbidity and mortality (1) . The natural history of diabetic nephropathy, i.e., without antihypertensive treatment, is a progressive and irreversible course without recovery or cure (2) and is characterized by an early elevation of arterial blood pressure, increasing albuminuria, and a relentless mean decline in glomerular filtration rate (GFR) of ϳ10 -12 ml ⅐ min -1 ⅐ year -1 (3) (4) (5) . The degree of albuminuria is closely related to the progression of diabetic nephropathy, as previously reviewed by Rossing (6) . Diabetic patients with nephrotic-range albuminuria (NRA) have the fastest decline in GFR (7) and the shortest survival time (2, 8) . Recently, Hebert et al. (9) have challenged the concept that a relentless progression is inevitable in all type 1 diabetic patients with nephrotic-range proteinuria. Remission, defined as a reduction of proteinuria from Ͼ3,500 mg per 24 h to Ͻ1,000 mg per 24 h, was demonstrated in some patients (8 of 108) with nephrotic-range proteinuria participating in the Collaborative Study Group multicenter controlled trial of captopril therapy in patients with type 1 diabetes and nephropathy (9) .
To evaluate the cumulative incidence of NRA and the frequency of remission in a large population, we analyzed data from a long-term prospective observational study of 321 consecutive type 1 diabetic patients with diabetic nephropathy. The impact of remission on the rate of decline in GFR, measured yearly with a 51 Cr-EDTA plasma clearance technique, was assessed in the subset of 126 patients with NRA.
RESEARCH DESIGN AND METHODS -At the Steno Diabetes
Center, we included all type 1 diabetic patients who had diabetic nephropathy and who had their kidney function monitored with at least one yearly determination of GFR and a minimum of 3 years follow-up, n ϭ 321. The recruitment period for our prospective cohort study started in 1976 and ended in 1997. A subset of this cohort followed from 1983 has been previously described in detail (10) . Diabetic nephropathy was diagnosed clinically if the following criteria were fulfilled: persistent albuminuria Ͼ300 mg/24 h in at least two of three consecutive 24-h urine collections, presence of diabetic retinopathy, and absence of any other evidence of kidney or renal tract disease (11) . Nephrotic-range proteinuria has previously been defined as persisting proteinuria Ͼ3,500 mg/24 h, and remission of nephrotic-range proteinuria has been defined as a reduction to Ͻ1,000 mg/24 h (9). From 50 consecutive patients with diabetic nephropathy, a correction factor between albuminuria and proteinuria of 0.70 was determined from 24-h urine samples (all with albuminuria Ͼ1,000 mg/24 h) and applied.
Therefore, NRA was defined as persisting albuminuria Ͼ2,500 mg/24 h in at least two of three consecutive 24-h urine collections. A significant threshold effect of albuminuria at ϳ600 mg/24 h on the rate of decline in GFR has previously been demonstrated (10) . Remission of NRA was accordingly defined as a reduction in albuminuria from NRA to Ͻ600 mg/24 h, sustained for at least 1 year during the follow-up period.
Of the total cohort consisting of 321 patients (200 men and 121 women), NRA developed in 126 patients (91 men and 35 women) during follow-up. At onset of NRA (baseline), 67 patients (53%) were without antihypertensive treatment, 25 (20%) were treated predominantly with ACE inhibitors, and 34 (27%) patients were treated with antihypertensive agents other than ACE inhibitors. During followup, all 126 patients except one started antihypertensive treatment, 103 (82%) patients were treated predominantly with ACE inhibitors, and 22 (18%) were treated with other antihypertensive agents. Patients were classified as taking ACE inhibitors if this class of antihypertensive agents was prescribed before or during the individual's follow-up time. All patients took at least two daily injections of insulin and had a diabetic diet containing 45-55% carbohydrates, 30 -35% fat, and 15-20% protein. No sodium or protein restrictions were applied during the study. Lipid-lowering treatment and aspirin were used as secondary prevention in patients with concomitant cardiovascular disease. During the whole follow-up period, we strived to keep blood pressure Ͻ140/90 mmHg. Of the patients, 14% received monotherapy, 44% received two agents, 35% received three agents, and 7% were treated with four or more antihypertensive drugs. The local ethics committee approved the experimental design, and all patients gave their informed consent.
Procedures
The measurement of GFR was performed 3-39 times (median 11) in each patient during a median follow-up period of 8.7 (3.0 -20.9) years. GFR was measured after a single intravenous injection of 3.7 MBq 51 Cr-EDTA by determination of the radioactivity in venous blood samples taken 180, 200, 220, and 240 min after the injection (12) . The mean variability in GFR of each patient from day to day was 4%. Results are standardized for 1.73 m 2 body surface, and throughout the study the patients' surface area at the start of the study was used.
Albuminuria was measured in 24-h urine collections as well as in timed urine collections obtained during the 4-h clearance period (10) . HbA 1c was measured from venous blood samples by isoelectric focusing and high-performance liquid chromatography (10) . The normal range was 4.1-6.4%. Serum cholesterol was measured with standard laboratory techniques. Arterial blood pressure was measured at each visit with a standard mercury sphygmomanometer and appropriate cuff size. The measurements were performed twice on the right arm, after at least 10 min rest in the supine position, and averaged. Diastolic blood pressure was recorded at the disappearance of Korotkoff sounds (phase V). Arterial hypertension was diagnosed according to World Health Organization criteria (Ն160/95 mmHg) until 1995, and thereafter it was diagnosed according to American Diabetes Association criteria (Ն140/90 mmHg) (13) . All patients visited the outpatient clinic every 3-4 months during the study. Blood glucose concentration, HbA 1c , albuminuria, blood pressure, and body weight were monitored, and the insulin dose and antihypertensive treatment were adjusted.
Retinopathy was assessed after pupillary dilatation by ophthalmoscopy, and from 1991 it was assessed by fundus photography and graded as follows: nil, simplex, or proliferative diabetic retinopathy.
Statistical analysis
Results are expressed as the means Ϯ SEM, with the means Ϯ SD being used for descriptive information. Albuminuria is given as median (range) and logarithmically transformed before analysis because of the positively skewed distribution. In each patient, all measurements performed during the entire follow-up period were used to calculate mean values. Linear regression analysis (least squares method) was used to determine the slope of GFR for each patient. In normally distributed variables, comparison between groups was performed by an unpaired Student's t test, and comparison within groups was performed by a paired t test. In nonnormally distributed continuous variables, a Mann-Whitney U test was used for comparison between groups. A 2 test was used to compare frequencies. Cox proportional hazards multiple regression analyses were performed to examine the baseline variables predictive of remission.
All calculations were performed with a commercially available program, SPSS 10.0 (SPSS, Chicago, IL). To analyze remission rates over time, all 126 patients with NRA were divided according to the median year (1988) of onset of NRA. The frequency of remission was 22% (14 of 63 patients) in each group (NS). Backward stepwise Cox multiple regression analysis showed that only the female sex was significantly and independently associated with remission of NRA (RR 2.9 [95% CI 1.3-6.2], P ϭ 0.007), whereas baseline values of GFR, blood pressure, albuminuria, HbA 1c , calendar year and age at onset of NRA, smoking, and grade of retinopathy were not included in the model. Clinical and laboratory data during follow-up are presented in Table 2 and Fig. 1 .
RESULTS
During the whole follow-up period, patients in the remission group had a significantly lower rate of decline in GFR compared with the no-remission group (3.8 vs. 7.5 ml ⅐ min -1 ⅐ year -1 , P Ͻ 0.001). In the remission group, 16 pa-tients had at least three measurements of GFR both before and during remission. In these patients, the rate of decline in GFR from the onset of NRA to remission was 5.6 ml ⅐ min -1 ⅐ year -1 compared with 0.8 ml ⅐ min -1 ⅐ year -1 during remission (P Ͻ 0.001).
Of the 126 patients, all but 1 received antihypertensive treatment during the follow-up period. A significantly lower mean arterial blood pressure was demonstrated in the remission group compared with the no-remission group (P Ͻ 0.01). During antihypertensive treatment, 17 patients (61% [95% CI 43-79]) in the remission group and 33 patients (34% [24 -44] ) in the no-remission group achieved a mean systolic blood pressure Ͻ140 mmHg during the follow-up period (P ϭ 0.01). In the remission group, 26 patients (93% [84 -100]) had an average diastolic blood pressure Ͻ90 mmHg during the follow-up period, compared with 69 patients (71% [62-80]) in the no-remission group (P Ͻ 0.05). In the remission group, 16 patients (57% [39 -75]) met both blood pressure goals, compared with 32 patients (33% [24 -42] ) in the noremission group (P Ͻ 0.05). Of the 28 patients obtaining remission, 21 were treated with ACE inhibitors, and 7 received non-ACE inhibitor treatment. The prevalence of remission was 20% (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) in the ACE inhibitor-treated group, compared with 32% (12-51) in the non-ACE inhibitor group (NS). In the patients not obtaining remission, those treated with an ACE inhibitor (n ϭ 82) had received this treatment for 6.7 (range 0.1-14.9) years. Patients obtaining remission had received ACE inhibitors for 3.6 (0.5-11.5) years before remission. There was no difference between the remission and no-remission groups in terms of the distribution of the number of antihypertensive agents used during follow-up (NS).
Serum cholesterol during follow-up was lower in the remission group (P Ͻ 0.01). In the remission group, five patients (18% [95% CI 4 -32]) were treated with lipid-lowering agents, predominantly hydroxymethylglutaryl-CoA reductase inhibitors, compared with 18 patients (18% [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] ) in the noremission group (NS). No differences were demonstrated in glycemic control during follow-up, measured as HbA 1c , between patients obtaining remission and those not obtaining remission (9.2 vs.
9.4%, NS).
CONCLUSIONS -Our prospective observational study demonstrates that ϳ40% of a large unselected cohort of type 1 diabetic patients with diabetic nephropathy will develop NRA. However, as opposed to observations made before the use of antihypertensive treatment, longlasting remission of NRA can be obtained in a sizeable fraction of these patients by aggressive antihypertensive therapy with Data are n, means Ϯ SD, or medians (range). Nephrotic-range albuminuria was defined as persisting albuminuria Ͼ2,500 mg/24 h in at least two of three consecutive 24-h urine collections. Means of values during the first year after onset of nephrotic-range albuminuria are given. Consequently, some patients with persistent nephrotic-range albuminuria starting antihypertensive treatment had a mean urinary albumin excretion rate Ͻ2,500 mg/24 h during the first year. *P Ͻ 0.05 compared with the remission group. Data are means Ϯ SEM or medians (range). In each patient, all measurements performed during the entire follow-up period were used to calculate mean/median values. Some patients with previously persistent albuminuria receiving antihypertensive treatment had urinary albumin excretion rates Ͻ300 mg/24 h. and without ACE inhibitors. Apart from this treatment modality, no other major target organ-saving procedure was introduced during the follow-up period. In particular, no change in HbA 1c was observed between the groups. The remission group is characterized by a slow progression of diabetic nephropathy and improved cardiovascular risk profile. In 1972, Watkins et al. (8) performed a follow-up study in proteinuric type 1 diabetic patients, identifying a subset of patients with a very poor prognosis. The patients with proteinuria Ͼ3,000 mg/ 24 h all died after 2-6 years of follow-up (8) . Subsequently, Kussman et al. (2) conducted a retrospective analysis of records from 112 type 1 diabetic patients with diabetic nephropathy, demonstrating diabetic nephropathy to be a chronic, progressive, and irreversible disease with an accelerated loss in kidney function in the later stages. The progressive nature of diabetic kidney disease was confirmed in the present study, because 39% of a large cohort of type 1 diabetic patients with diabetic nephropathy followed for 3-21 years progressed to NRA. The observed cumulative incidence of NRA must be regarded as conservative, because initiation of antihypertensive treatment will reduce albuminuria, thereby reducing the risk of progression to NRA.
Long-term remission of nephroticrange proteinuria, defined as remission from proteinuria Ͼ3,500 to Ͻ1,000 mg/24 h and sustained levels of Ͻ1,500 mg/24 h for at least 6 months, and stabilization of serum creatinine, was originally demonstrated by Wilmer et al. (14) during antihypertensive treatment with an ACE inhibitor in a small subset (6 of 103 patients) of type 1 diabetic patients with diabetic nephropathy. The remission rate was reported to be 16.7% in patients assigned to captopril treatment and 1.5% in the patients treated with conventional antihypertensive treatment. The nadir levels of proteinuria in those patients who obtained remission occurred after Ͼ1 year of follow-up (14) . By applying comparable criteria in our long-term observational study, we demonstrated a remission rate of 22% for NRA. The observed frequency of remission must be regarded as conservative, because only 33% of the patients in the no-remission group treated with antihypertensive agents achieved a blood pressure Ͻ140/90 mmHg.
The male sex seems to be more susceptible to progression to diabetic NRA and more resistant to antihypertensive treatment. A more rapid decline in renal function has also been reported in men with nondiabetic renal disease (15) . Testosterone has been found to be a permissive factor for renal compensatory growth in the model of uninephrectomy in rats, thereby possibly accelerating progression of renal disease in the male sex (16) . We have no explanation for the observed more severe grade of retinopathy in patients obtaining remission, and we consider it to be a chance finding.
Numerous studies have documented the renoprotective effect of antihypertensive treatment (11, (17) (18) (19) (20) (21) . The patients in the remission group, though having the same mean arterial blood pressure at onset of NRA, had significantly lower mean arterial blood pressure during follow-up. Remission did not occur spontaneously, but was induced by antihypertensive treatment with ACE inhibitors as well as other antihypertensive agents. This finding suggests that aggressive treatment of arterial hypertension can induce remission of NRA in type 1 diabetic patients. A renoprotective effect of ACE inhibitors above and beyond the effect of blood pressure lowering has been demonstrated in clinical trials (14, 21, 22) . We could not confirm this finding in our long-term prospective observational study; however, our study was not designed to evaluate this concept.
Reduction in albuminuria is a surrogate parameter for the issue of importance: the rate of decline in GFR. Patients obtaining remission of NRA in the present study have a slower rate of decline in GFR, roughly a 50% reduction in progression, compared with patients not obtaining remission (3.8 vs. 7.5 ml ⅐ min -1 ⅐ year -1 ). Furthermore, when decline in GFR was evaluated before and during remission, a significantly lower decline in GFR was found during remission, thus predicting a better outcome in terms of survival and survival free of end-stage renal failure.
Development of overt diabetic nephropathy has for many years been regarded as a "point of no return" in relation to glycemic control (6) . Recent studies have found a significant impact of glycemic control on the progression of nephropathy (10, 18, 23, 24) and the reversal of lesions of diabetic glomerulopathy (25) . However, in the present study, we did not find an effect of improved glycemic control on remission.
Hyperlipidemia presumably has an impact on the progression of renal disease (10, 26, 27) . In the present study, the patients in the remission group had a significant reduction in serum cholesterol during follow-up. Because there was no difference between the remission and the no-remission groups regarding lipidlowering treatment in our study, the observed decrease in serum cholesterol is most likely attributable to a reduction in albuminuria. However, long-term trials applying a principal end point, such as a decline in GFR, are still lacking.
To improve the treatment and prognosis, it is important to analyze why some patients are responders, i.e., obtain remission, whereas others are nonresponders. Because well-known risk factors for the progression of diabetic kidney disease (i.e., arterial blood pressure, albuminuria, HbA 1c , and lipids) measured at the onset of NRA were similar in responders and nonresponders, other factors seem to play a part. Genetic factors of importance for the progression of diabetic nephropathy, e.g., the ACE I/D polymorphism, could possibly differentiate between the remission and the no-remission group. Unfortunately, DNA for genotyping was available in only a subset of the investigated patients. Variation in dietary salt intake and activity of the renin-angiotensin system could also contribute to the difference between responders and nonresponders.
The number of antihypertensive agents used in responders and nonresponders was similar. Because ours is an observational study, the compliance concerning adherence to prolonged antihypertensive treatment was not assessed. Previously, Caro et al. (28) found that 53% of the hypertensive patients treated with an ACE inhibitor and only 40% of the patients treated with diuretics were taking their prescribed medication after 5 years. Treatment with several antihypertensive agents, which is often necessary in diabetic nephropathy, may reduce compliance even further. Additionally, even at the same blood pressure level, nonadherence to treatment (e.g., ACE inhibitor therapy) will render the patients devoid of the nonhemodynamic beneficial effects of these compounds (21, 22) .
In summary, as opposed to observations made before the use of antihypertensive treatment, our prospective study suggests that aggressive antihypertensive treatment with and without ACE inhibitors can induce long-lasting remission in a sizeable fraction of type 1 diabetic patients with NRA. The remission group is characterized by slow progression of diabetic nephropathy and improved cardiovascular risk profile.
